mg/mL. Samples were removed from the reaction media at the pre-established times. After 163 hydrolysis and before the chemical analysis, the TFA was completely evaporated, and the 164 hydrolysates were completely dried in a heating oven with a gas extractor for between 30 and 165 50 h at 30ºC. 166
167
The amount of monosaccharides released by hydrolysis was determined using the following: 168 169 1) The 3,5-dinitrosalicylic reaction method, with spectrophotometric measurements taken 170 at 540 nm for the hydrolysis of the standards and the CWs [32] 171 2) Gas chromatography-mass spectrometry (GC-MS) measuring alditol derivatives (only 172 in the case of CW) to differentiate between the release of mannose and glucose [35] . 173 174 This second method is based on forming alditol acetate compounds from monosaccharides 175 present in the CWs and then quantifying GC with a flame ionization detector. Thus, 3 mL of 176 pyridine anhydride (C 6 H 5 N) and 1 mL of acetic anhydride (CH 3 CO 2 CH 3 ) were added to 1 mg 177 of the sample in solution (generating a reductive ambient), and the oxygen was removed by 178 nitrogen flow. The reaction medium was agitated for 24 h at room temperature. Next, 3 mL of 179 concentrated HCl was added drop by drop in an ice bath. The resulting phase was extracted 180 with ethyl acetate three times until a volume of 5 mL was reached. The calibration curves of 181 the monosaccharides (i.e., glucose and mannose) were prepared as pentacetates [36] were 200ºC (injector), 280ºC (detector), and a column programming range from 150ºC to 187 250ºC, which was maintained for 10 min, with a gradient of 7ºC/min. Helium was used as the 188 carrier gas and its flow was kept constant at 8 psi. 189 190
Mathematical models 191
The mathematical equation used to describe the experimental hydrolysis profiles was based 192 on a pseudohomogeneous kinetic model in liquid phase with a first order reaction [37, 38] 
The time necessary to obtain maximal monosaccharide production (t m , in hours) was 217 calculated by deriving equation (2) with respect to time and equaling to zero: 218
If t m is substituted in equation (2), we can obtain the maximum monosaccharide production 222
The temperature dependence of the kinetic parameters from equation (1) exp  exp  exp  exp  exp  exp exp from the E. fibuliger biomass. This value was higher than that reported in [24] . In this article, 279 the yeasts Kluyveromyces marxianus and Debaryomyces hansenii had the highest proportion 280 of CW in their biomass (32.5% and 32%, respectively). However, in all the microorganisms 281 studied by these authors, the total sugars percentage was superiors to the E. fibuliger results 282 (more than 84% compared with 65% for E. fibuliger). These differences could be due to the 283 different methods for obtaining CWs. Using autoclaving, a French pressure cell press, cell 284 lysis by glass beads or a homogenizer led to different efficiency results and yields in the 285 biomass breakdown of microorganisms [24] . 286 287
Hydrolysis kinetics of curdlan and mannan 288
The hydrolysis results at different temperatures and several TFA concentrations using curdlan 289 and mannan as substrates are shown in Figure 2 . The profiles adjusted to the experimental 290 data according to model (2) are also shown. Table 2 summarizes the parameters defined by equations (3) and (4), which are important for 299 determining the optimal conditions for maximal sugar release from commercial 300 polysaccharides or monosaccharide extraction from CW for chemical composition analysis. 301
Using curdlan as the hydrolysis substrate, four different experimental conditions, 80ºC/70% 302 TFA, 80ºC/50% TFA, 100ºC/70% TFA and 100ºC/50% TFA, were used to obtain the 303 maximum concentrations of released glucose (98.42%, 94.76%, 94.10% and 94.23%, 304 respectively), though with markedly different maximum hydrolysis times (10.7 h, 14.2 h, 2.3 305 h and 3.4 h, respectively). To shorten the processing time, we performed the hydrolysis at 306 100ºC and 70% TFA, although almost 4% less glucose is produced under these conditions. 307
Mannan hydrolysis demonstrated two optimal maxima in the 100ºC/50% TFA and 80ºC/50% 308 TFA pairs with processing times of 2.6 h and 13.1 h, respectively, and the former option is the 309 most useful. The decreased t m was correlated by increasing the TFA concentration but without 310 a clear tendency for significant modeling. 311
312
These results are in agreement with those previously reported by Freimund et al. [14] . These 313 authors obtained the best conditions for glucan hydrolysis in the range of 92.5 to 100ºC for 314
1.5 to 3 h and 72.5% TFA. For breaking down mannan, these intervals were 90 to 100ºC for 315
1.75 to 4 h and with a higher TFA concentration (60%) than we propose. Although [14] 316 presents a similar study of the combined effect of the dependent variables (i.e., temperature, 317 time and acid concentration), these data were obtained by individual observation and by 318 combining the variables at their apparent maximum point without optimizing by mathematical 319 modeling. This type of procedure is common in the literature, but it leads to a faulty 320 understanding of the combined variable effect in terms of the response to maximization 321 [40, 41] . 322
323
The numerical parameters for the bivariate equation (6) are shown in Table 3 . In both 324 hydrolysis and decomposition, the activation energies for curdlan were higher than that for 325 mannan, which is in agreement with the shorter t m obtained for this polysaccharide (Table 2) . 326
In addition, the increase in the TFA concentration led to a slight decrease in Ea h and Ea d . 327
Indeed, with higher acidity in the reaction medium, less energy is needed to break the 328 glycosidic bonds that link the monosaccharides in the polysaccharide skeleton. 329 330 Figure 3 shows the experimental data and modeling trends of the hydrolysis kinetics of the 332
E. fibuliger CW hydrolysis kinetics 331
CWs produced by E. fibuliger. The statistical analyses of the relevant kinetic parameters are 333 summarized in Table 4 . The P 0 values were 59.4%, 41% and 24.5% for the ratios of RS, 334 glucose and mannose per CW db, respectively. These percentages were similar to those 335 reported earlier in section 3.1 (i.e., 69.3% total sugars). All of the parameters were again 336 statistically significant (Student's t-test, =0.05), and equation (2) the maximum percentages of glucose, mannose and reducing sugars released from the studied 341 yeast CWs (Table 5 ). There were two options for recovering the maximum glucose: 342 100ºC/70% TFA and 120ºC/70% TFA, with reaction times of 4.58 h and 0.88 h, respectively. 343
These conditions were different for mannose: 100ºC/50% TFA for 4.08 h, 120ºC/35% TFA 344 for 1 h and 120ºC/50% TFA for 0.83 h. Therefore, the suggestion by Freimund et al. (2005) The regression coefficients that relate the temperature to the hydrolysis rates are summarized 361 in Table 6 . The correlations between the expected and experimental data were satisfactory (R 2 362 > 0.95) for all cases. The pre-exponential factor for both hydrolysis and decomposition did 363 not show any differences in relation to the increase in the acid percentage used in the reaction. 364
Nevertheless, the increase in acidic conditions generated a small, progressive decrease in the 365 hydrolysis and decomposition activation energies. The Ea d values for mannose were 366 significantly lower than those obtained in the other cases. This shows that mannose is more 367 sensitive to decomposition due to high temperatures and strong acid conditions. 368 369
Modeling the combined effect of temperature and TFA concentration on the hydrolytic 370 process 371
The joint TFA concentration and temperature effects on the hydrolysis process were also 372 evaluated. As the changes in Ea h and Ea d , in relation to the TFA concentrations, were not 373 significant and the k h0 and k d0 values were quite similar (Tables 3 and 6 ) and T is the absolute temperature (K). 382
383
Thus, a global model is defined by inserting equation (7) 
kinetics simulations were performed using equation (8) in a range from 50ºC to 130ºC with 398 the TFA concentrations tested in this study (Figure 4 ). This representation allowed us to 399 predict the kinetic profiles due to the joint effect of temperature and TFA on the hydrolysis of 400 curdlan, mannan and the E. fibuliger CW. 401 402
Conclusions 403
The methods used for CW compositional analysis and the processes developed to produce 404 active oligosaccharides and monosaccharides from complex polysaccharides are based on a 405 chemical reaction in acid media at high temperatures. It is therefore necessary to optimize the 406 effect of these variables (i.e., temperature and acid concentration) on the hydrolysis kinetics. 407
However, the optimal conditions for breaking down curdlan, mannan and yeast CW to obtain 408 the maximum production of glucose and mannose and to avoid the decomposition of these 409 sugars have not yet been determined. 410
411
The experimental results showed that the mannose polymers, both standard and obtained from 412
CWs, were more easily hydrolyzed (i.e., lowest Ea Mh value) than those formed by glucose 413 units. In addition, it was more difficult to destroy mannose than glucose (i.e., highest Ea Md 414 value). The most suitable conditions for maximal sugar release of the three studied substrates 415 are between 50 and 70% TFA at 100ºC, with a processing time interval of between 2.3 and 416 4.58 h. In all of the cases that were assessed, and with both a theoretical and empirical 417 approach, the mathematical modeling of the hydrolysis reactions was statistically significant 418 and consistent, and the equations accurately predicted the experimental profiles. 419 420 Acknowledgements 421
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MANNAN t m (h)-T=35ºC
- - - - - M m (%)-T=35ºC - - - - - t m (h)-T=80ºC
REDUCING SUGARS as dependent variable
56.6 ± 3.7 56.6 ± 3.7 56.6 ± 3.7 56.6 ± 3.7 56.6 ± 3.7
k h (h 
